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Wc have developed a novel "real time" quantitative PCR method. The method measures PCfc produci 
accumulation through a dual-labeled fluorofienle probe (Lc., TaqMan Proba). This method provides wy 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require poa-PCR sample handling! preventing potential PCR product carry-over contamination and 
resulting in much faster and higher throughput assays. The real-time PCR method has a very large dynamic 
ranee of starting target molecule determination (at lean five orders of magnitude). Real-time quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nndcic acid sequence analysis Mas 
had an important role in many fields of biologi- 
cal research.- Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli (Van al. 
1994; Huanft et al. I995i*,b; Prud'homme et at. 
1995), Quantitative gent? analysis (T;NA) has 
In-en used to determine the genome quantity of 3 
particular gene, as in the case of the human HKR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slarnon et -al. 1987). Gene and genome 
quantitation (DNA and RNA) also have been used 
for analysis of human immunodeficiency virus 
(JllV) buTdcn demons! rating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Platak ct al. jvv:sh; 
I'urtado et al. 1995). 

Many methods have been described for rtu: 
quantitative analysis of nucleic acid sequences 
(both for RNA and DNA; Southern 19/6; Sharp ct 
al. 1980; Thomas 1980). Recently, PGR lias 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (R'O-PCR have permitted the analysis of 
-minimal' starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not hove been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it Is imperative. 



that It be used properly for quantitation (ttnuV' 
maekers 1995). Many early reports of quantita- 
tive PGR and RT-PCR described quantitation of 
the VCR product but did not measure the initial 
target sequence quantity .It is essentia) to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clement! ct al. 
100?.) 

Ke.NWirchcrs have, developed several methods 
of quantitative PCR and KT-PCR. One approach 
measures PCR product quantity in the log phase 
of ihe reaction before the plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
that each sample has equal input amounts of 
nucleic add and that each sample under analysis 
amplifies with kleulioil efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tities, such as p-actln) can be used for samplft 
amplification efficiency normalization. Using 
conventional methods of PGR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extrfcmely laborious to assure 
that all samples "are analyzed during the log phase 
of the reaction (for holh the target gene and the 
normalization gene), Another method, quantita- 
tive competitive (QQ-PCK, has been developed 
and is used widely for PGR quantitation, QC-PCR 
relics on the inclusion of an internal control 
.competitor in each reaction (Becker-Andre 1991; 
Harak cL al. 199^«,t>). The efficiency of each re. 
action is normallixd to the Internal compel Hor. 
a irnnwn amount of lntfjnaJ competitor can be 
anwv 7nc« no; «*« wj rc:*t 7nn7/cn/7T 
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added to each sample. To obtain relative quant- 
ration, the unknown large! PGR product is com- 
pared with the known competitor IKM product. 
Success of a quantitative competitive VCAi assay 
relies on developing an Internal control that am- 
plifir* with the same efficiency us the ttugct mol- 
ecule. The design of the coinpetitox and the val- 
uation of amplification effidein.it-** jequirc a 
dedicated effort. However, because QC^-rCK does 
not require that PCM jmikIucLs be analyst*! during 
the log phase of the. amplification, it 5s tin; easier 
the two methods to use. 
Several detection system* ate used for quan 
illative 1*CR and KT-l-CU analysis; (1) agarose 
gels, (2) iluonriwnl labeling ofPOU products and 
'detection with In.ier-inriuccd flunrc&ccncc using 
capillary electrophoresis (Fiasco et al. 1995; Wil- 
liams ei al. 1996) or acrylamldc gels, ami (3) plate 
capture and .sandwich probe hybrid I /.a I lot t (Mul- 
der e.i au 1994). Although these methods provru 
successful, each method requires poit-l'Cft ma- 
nipulations That add Time to the analysis and 
(nay lead to htbomtoiy i unlmritnation. The 
sample throughput of these met hud* i.s limited 
(wllh the \-xccpilon of the plate capture ap- 
proach), and, tlu?ri;fc>re, these methods ore not 
well >uiled fui u.NCft demanding high snmplc 
Throughput (I.e., screening of large numbers of 
liIi>tuwlcv.Li!c^ oi analyzing samplva iwi diagnos- 
tics or clinical trials), 

I lore we report the development of a novel 
ii.ssay for quantitative DNA analysis. The assay is 
based on 1h* u.i« of the .5' nuclease assay first 
described by Holland et al. (1993). The method 
uses the 5' nuclease, activity of l\uf polymerize to 
cleave a noncxtcndlbk hybridization prol>c dur- 
ing the externum phase of VOU. The approach 
uses dual-labeled fluorogenic hybridization 
probes (Lec et n). 1993; fussier et al. 15>»5; l.lvak 
et al, l$9fio,b). One fluorescent dye nerves as a 
reporter (FAM (i.e., Gearbox yfluoresvem)! and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (1.*., 6-cari>oxy-ietramethyI- 
lhodarninc). Tlic nuclease degradation of the hy- 
hrkll/Jitlon probe releases the quenching of the 
I'AM fluorescent emission, resulting in an In- 
crease tn peak fluorescent emission at SJg nm. 
The use Of a sequence detector (AIM Prism) allows 
measurement of fluorescent specira of ail 96 wells 
of The thermal cycler continuously during the 
1*CK amplification. Therefore, the rcuelious aje 
Hionltored in real time. The output data is de- 
scribed and quantitative analysis of input Uiget 
I )NA sequences ts discussed below. 



RESULTS 



PGR Product Deroctlon in Real Time 

The go«) was to develop a high-throughput, son- 
xilive, and Accurate gene quantitation assay for 
use in monitoring lipid mediated t bar a pcu Tic- 
gene delivery. A plasinld encoding human factor 
Vlil gene sequence, pK8TM (sec Methods), was 
used as a model ibcrapcutic rwu\. Tlic assay use* 
fluorescent Taqwan methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Alii Prism 7700 Sequence Detector). The 
Taqman reaction requires a hybridization probe 
I allied witJi two different fluorescent dyes. One 
dye Is a reporter dyv (I'AM), the other it ^ quench- 
ing dye (TAMRA). When tije pu>U: Is Inlacl, fluo- 
ic&ccnl energy transfer occurs and the reporter 
dye fluorescent emission ia absorbed by the 
quenching dye (TAKfUA). During Die extension 
phase of the VCR cycle, the? Tluoroscciil hybrid- 
Ifeillori firnlKT is cleaved by the S'-.T nuclcolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no lunger 
transferred efficiently to the quenching dye, re 
suiting In tin increase of the reporter dye fluores- 
cent emiiwlmi ap^Ctra. PCU primers untl probuN 
vrere designed fm the human factor V11J se- 
quence and human p-octln gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe und 
magnesium concentrations yielding the highest 
htieitslty of reporter fluoresecnt signtil without 
sacrificing specificity. The Instrutrtenl uses a 
charge-coupled device (i.e., CCD cumeni) fur 
measuring the fluorescent emission speclm from 
5100 to G$0 mti. ICach VCM tube was monitored 
sequentially for 26 rn*ue with ct>ntInuotis jnonl- 
toring throughout the aiiiplificttlitiii. Uoch lube 

w«5 rr.-cxan dried every H»5 »ec. Computer sofl- 
wure. was designed t<i cxamijic ih* fi\i orescent In* 
tensity of both the reporter dye (KAM).and 
the quenching dye (TAMilA). T>ie Hu«resccrtt 
intensity of the quenching dye, TAMKA, changes 
very little over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAMHA dye emission serves as an internal 
standard with which to norniully-e the reporter 
dye (l : ATv1) emission variations. The software cal- 
culates a value termed ARn (or M*Q) using the. 
following equation; ARn - (lbi J ) (Hn"), where 
Kn 4 . ernbHloji intensity \>t reporter/emission in- 
tensity of quencher al any given lime In o reae 
flon tube, ami Ru -emission intensitity of re- 
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poncr/omlsslon imemity i>f quencher measured 
prior lo TCH iimpHlicaUon in that same reaction 
tube. J'or the purpose of quantitation, the Usi 
three data points (ARns) collected during the. ex* 
tension step for each PCK cycle wrrc analyzed. 
The nudeolytic degradation of the ityumlifetiion. 
probe occurs during ihe extension phastor I'tai, 
and, then-fore, reporter fluorescent ciiiihmum In- 
creases during this time. 'J in: Uuw data points 
were averaged for cacli i'CiK cycle and the menu 
value for each was plotted in an "amplification 
plot" shown In J'igurc 3 A. The Attn mean value i.s 
plotted on the )*.axis, and time, represented by 
cycle number, is plot tad on Uiv*-axi*. During the 
early cycles of the T'Clt amplification; the ARn 



value remains at bas* lino When sufficient hy- 
bridization 'probe has been cleaved by the T\u) 
]X>lymeruse nufl&ARO activity, the intensity of re- 
porter fluorescent emission liijL*reuKVb. Most \K\\s 
amplif^-MUms reach i* plateau pnnne of reporter 
fJuorcH^nt omission if the reweliun is carried out 
lo high cycle nunriwiN. The amplification plot \'J 
examined tvily in Ih* reaction, at a point that 
icpresonts ihc log phitsc of product arrmnula* 
lion. This Is done by ussigning an arbiljiuy 
threshold thji is b«*cd on the variability of the 
ba.N«-liiie data, hi Figure 1 A, the Ihrtahold w«* set 
at 10 standard deviations above the mean of 
base lino entlamon calculated from irydc* 1 lo 1 S. 
Once the threshold is chosen, the point at which 



B 





1.A 




1.6 


c 


1,4 






§ 


\ t> 






I 


1.U 


c 




o 


OR 


u: 


0.15 







"nvaonatu 



i 

J — — — C 



Rnnnftno 



20 30 

Cycle 



4(1 




35 



30 



Z*l ? 25- 



20 



15 



Cycle 



5 



I" 



• 1 0 1 
log (r*) Input genomic ONA) 



Figure 1 PCR product detection in real time (,A) The Model 7700 wflware will construct arnplificatwn i plots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined Irom the data points collected from the. base line of the amplif cation p ioL values are 
calculated by determining the poim at which the fluorescence exceeds a threshold limit (usually 10 times me 
standard deviation of the base line). (B) Overlay ot amplification plots of serially (1:2) diluted human genomic 
DNA samples amplified with B-actin primers. (Q Input DNA concentration of the samples plotted versus \.j.nu 
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the amplification plot crosses the thresh oldivdc- 
fined as C,. C r is reported us the cycle number n\ 
this point. As will be demonstrated^ the CI, value 
h piedledve of the quantity of input tnrgul. 

Values Provide a Quantitative 'Measurement, o'f 
Input Targer Sequences 

Pigurc 1R shows amplification ploU of lli'diVfe*- 
enl PCR amplifications overlaid. 'i*hc amplica- 
tions were performed on a 1:2 serial dilution «crf. 
human genomic DNA. 'line amplified target vwu 
human p actin. The amplification plots Khifl to 
the right (to higher threshold cycles) na the input 
target quantity is reduced. 'JT>ir. if; oxpoctod ho- 
caunu rtiactlortK with fewer starting eopiox of the 
largci molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of JO stan- 
dard deviations above the base line was used to 
determine the O r values. Figure 1C represents the 
C T values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
VCM amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C r values decrease linearly with increas- 
ing target quantity, Thus, C r values can be used 
as a quantitative measurement of the input target 
number, it should be noted that tin* amplifica- 
tion plot for the 15.6. ng sample shown In Figure 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves* e.ndpoint pla- 
teau at a lower fluorescent vaJuc than would he 
expected based on the input DNA. This pfttmnm* 
cnon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact signmcjiiitJy the calculated C, value us 
demonstrated by the ftl on Die line shown )n 
Figure 1C. All triplicate amplifications resulted in 
very similar d- values— the standard deviation 
did not exceed 0.5 for any dilution, this experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range. ol iluorcsccnt in- 
tensity measurement of the ABI Priam 7700 Sc- 

anuru 
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ments over n very large t;oij><» of r^iivo ctartlnp, 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the cfllclenry nf 
PC;R amplification: magnesium and sail concenv 
nations, reaction conditions (i.e., time and tem- 
perature), PCK target size and composition, 
primer sequences, and sample purity, n |) of The 
above (actors are common to a single Villi assay, 
except sample to sample purity. In an effort to 
validate the method of sample preparation for 
the factor VJ11 assay, PCR amplication reproduc- 
ibility and oiflciency ol 10 replicate sample 
pi e|w rati otis wttru examined. After genomic DNA 
wax prepared from the 10 replicate samples, the 
DNA was quaniitaicd by ultraviolet spectroscopy* 
Amplifications were performed analyzing p-aciln 
Kent: content in 100 and IS ng of total genomic 
DNA. Each VCR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample' show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each ol the triplicate PCU 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduces minimal variation Into the 
quantitative. J'CK analysis. Comparison of the 
mean C n values of the. 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-acUn gene quantity. The highest (> 
difference between any of rhe samples was 0.SS 
and 0.73 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluore.s> 
cent emission intensity change per amount of 
DNA target analyzed as indicated by .similar 
slopes derived from the sample dilutions (Pig, 2). 
Any sample containing an excess of a PCX inhibi- 
tor would exhibit a greater measured (3-actln G r 
vaiuc for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis (l ; ig, 2), altering 
the expected C,- value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of .sample prepa- 
ration is highly reproducible with regard to 
sample purity. 

Ouantiurive Analvsis of a Plasmid After 

7ftCR flO/ Rfr« WJ «C:f>T 7 O ft 7 / C ft / 7 T 
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Table 1 . Roproduclbltlty of Swmplo Preparation Method 



Sarnplo 
no. 



4 
5 



8 
9 
10 

Mean 



100 ng 



standard 
mean deviation 



CV 



18.24 

18.23 

1v,33 

1833 

18.35 

1R.44 

18.3 

1o.3 

1*M2 

18,15 

18.23 

18.32 

18.4 

1838 

18.46 

18,54 

18.67 

19 

18.28 

18.36 

lg.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1B.G6 

0 10) 



13.27 0.06 



1837 OM 



18.34 0.07 



18.23 0.0& 



1U.42 0.04 



18.74 



0.24 



18.39 0112 



18.63 0.16 



18.29 0.1 



18.55 
18.<12 



0.12 
0.17 



0,32 
03? 
0.36 
0.46 
0,23 
1.26 
0.66 
0.S3 
0,55 

0.65 
0,90 



25 ng 



20.48 

20.55 

20,5 

20.61 

20.59 

?0.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20,63 

21.09 

21.04 

21.04 

20.67 

20,73 

20.65 

20,98 

20.84 

20*75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



standard 
mean deviation 



20.51 0.03 
0.11 

20.54 0.06 

20.43 0.05 

20.73 0.13 

21.06 0.03 

20.6H 0.04 

20.86 0.12 

20.51 0.07 

20.73 0.1 

20.66 0.19 



cv 

0,17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.46 
0,94 



tor containing a. partial cDNA for hu nun factor 
VIII, pl ; 8TM. A scries of transections was sot 
up using a decreasing amount of the plasinid s (40, 
A, 0.5, and 0.1 u,g). Tvvrimy-rour hours pnst- 
transfcetion, total r>NA purified from each 
flask uf crib. p-Aclin gcuctjUttiiLUy wa* cIjuxtji h.n 
a value for normali^Um or genomic I'JNA con- 
cenrnuion from rradi sample. In this cxpeiimcnt, 
(i-actin gene content should remain constant 
relative to total genomic DNA. Figure 3 shows lijc 
result of the p-actln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) 01 each sample. Kach sample was analyzed 
in triplicate and the mean p-actin C,. values of 
the triplicates were, plotted (error bars represent 
r**»-niflfri Hwiatmni I hf» hlohpsr iiiffrrrnrr 



bvtwuwi any two sample moans war 0.9 5 C,.. Ten 
nanograms of total DNA of each sample were also 
examined for p-actln. The results nguJn showed 
that very similar amounts of genomic 1>NA wore 
present; the. maximum mean p actio O, value 
difference wa.s 1 .0. A3 Figure 3 shows, Hie rate of 
P-actln C r change between the 100 and 10-ng 
sample* was similar (slope values rangu hut wean 
3.56 anJ -3.45). This verifies again that hVu 
method of sample preparation yields samples of 
identical PCR integrity (i.e., no sample contained 
an excessive amount of a PGR inhibitor). How- 
«ver, these results Indicate that each sample con 
talned slight diffeienc.es in the actual amount of 
genomic ONA analyzed. Determination of actual 
utmomic DNA concentration wo& accomplished 
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Figure 2 Sample preparation purity. 1 he replicate 
samples shown In Table 1 wcro also amplified. In 
tripicate using 2S ng of each DNA sample. The fig* 
uife shows the input DNA concentration (TOO And 
ng) vs. C, In ihr* lirjnrp, ihe TOO and ?fi ng 
points for each sample are connected by a line. 



by plotting the mean (S-actio C f value- obtained 
for each 100 ng sainplv on a p-actin standard 
\.-urve (shown In Pig- 40). The Actual genomic 
ONA concent rat I cm of each sample., a, was ob 
tallied by extrapolation to the **axhh 

Figure 4 A shows the jneasurcd (t.e v mm* 
normalised) quantities ut factor VJJ] plmwiid 
ONA (pWM) from each of the four transient cell 
lran>foetir>n.v Each reaction contained 300 ng of 
total sample DNA (as determined by U V spcetros- 
copy}- l&ch sample was analyzed in triplicate 



a* 

i 



25 



S>4 



21 



20 



V -27.73 j *Wr1l.1 



— • ■ 0 J MD 

* k 0.1 HO 



1.2 



i 

1.8 



r 



I.4 1-0 
log (ng Input DNA) 

Figure 3 Analysis of tidnsfectcd cell DNA quantity 
and purity. I he DNA preparations of Utu lour 293 
cell transactions (40, A, 0.5, and 0.1 fuj of pF8TM) 
were analy7ed for the 3-actln gene. 1 00 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transfectcd, the {i-actln 
C T values are plotted versus the lolal Input DNA 



PC.U amplifications. As shown, pPBTM purified 
>fujir Jhe 20H cells decreases (mean C, values in- 
cr^u^j with decreasing amounts of plasmld 
druiteb'UCd* The mean C t values obtained for 
piWM 'in 'Figure 4A were plotted on a Mandyrd 
curve cc*mprlJtud of steiially diluted pKHTM, 
shown .in 'figure 4B. The quantity uJ plWM, h, 
found in each of the four tronsfcctlons was de- 
termined by extrapolation to the x uxk of the 
standard curve In lHgure 4K, 'Hum. uncorrected 
values, h, for pKHTM were n on nailed to deter- 
mine the actual amount of pl J 8TM found per 100 
ng of genomic DNA by using Ihc equation:. 

jy X 10 0 ng uctnal pI ; »'l"M copies oer 
" T 100 ng of genomic DNA 

where actual genomic DNA in u -sample nnd 
b «- pl r a*i"M copies from the standard curve, The 
normalised quantity of pt'BTM per 100 rig of ge- 
nomic ONA for each of the four iran.Vfect.lon.s 1a 
xnown in figure 4JJ. 'Hi esc roull.s .show inai ihc 
quantity of factor vin plasiuid assocJuted wiih 
tile 293 etiUN, 24 hr after irujusfvciiun, Uut.i casus 
with decreasing pJn^util uiHuiiiHiatioii u.^ed in 
ihc tram/cdion. TIk: quantity of pl'tt'JM nwoeJ- 
aieu wJtti 293 cells, after trunsfcctloii with 40 ixg 
ot pl^niid, was 35 pg p«r 100 ng genomic ONA, 
Tills results in -520 plasmid copies per cell. 



DtSCUSSJON 

Wo have described a new method for qunnti tilt- 
ing gene copy numbers using rcaMimc analysis 
of PCX amplifications. Real-time PCK is compat- 
ible with cither of the two PGR (KT-PCR) ap- 
proaches: (1) quantitative coninciitivt: where An 
Uiteuial coitipcliior for each target .sequence is 
used for noxmaliKaUon (data not shown) or (2) 
quantitative comparative l'CH using » mnuMMza- 
tUm gene contained within the sample (i.e., p-nc- 
tin) or a "housekeeping" gene for RT-PCK- Ff 
equal amounts of nucleic ucld arc analyzed for 
each sample aiul if the ampUflcatiun cffiticr.u.y 
before quantitative analysh identical for each 
sample, the Vnrcnmi cunlml (nwjmali^ition gene 
or competitcjr) should give equal signals for fll) 
samples. 

Tlic real-time PCK method offers several ad- 
vantages over the other two methods currently 
employed (sec the Introduction). First, the real- 
time PGR method is performed in a doscd-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative analyiifc of pFSTM in transacted cclb. Amount of 
plasmid DMA ujed for I he transaction plotted against the nwun C, value deter- 
m rSvt f ° r pf8TM rcrnaInl, UJ M " r alter transection. (0,Q Standard curve* of 
pf-fttM and P-aciIn, respectively. pf8TM ON A (fl) and genomic f^NA (Q were 
diluted &&r\*\\y 1 ;S before amplification with the Appropriate primers. The p-actin 
standard curv«j wa* usod lo normalise the results of A to 1 00 rtcj of genomic DNA_ 
<D) Tho amount of pF8TM present pc;r 1 00 ng of genomic DNA. 



of sample. Therefore, Hit* potential for PCK con- 
I ami nation in ihc laboratory js reduced because 
amplified products cuu Int analysed and disponed 
of without opening the reaction tubes. Second, 
this method suppoxU the use of a tiorui<ilix ( itk>n 
«enc (Lc, P-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-PClt controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
)»K phase permits many different genes (over a 
wide input target ran^e) to be analysed simulta- 
neously, without concern of reaching reaction 
plateau at different cycle*. Tim will make imilll- 
flcn* analysis assays much casie.i i\» develop, be- 
cause Individual internal ujnipellloi* will not he 
heeded for each gene under analysis. Third, 
sample throughput will hiLieasc Uiaum lt«.«cliy 
with the new -method because there is no |h>m- 
PCR pioccrtsing time. Additionally, winking In a 
°6-well format is highly compatible with auto- 
million technology. 

The real-time PCR method is highly repro. 
dueible. Replicate amplifications can be analyzed 



for each sample minh.nLsdng potential error. The. 
sysutm allows* for a very large assay dynamic 
range (approaching 1,000,000 -fold starting Ui- 
gel). Ue*h»K " standard curve for the target ot in* 
teres*, relative copy number values can be deter- 
mined for any unknown sample. Pluorttfcent 
threshold values, G Jt , conrJair. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
UT-PCK methodology (Gibson et al., dils Issut-) 
has also been developed, finally, rcaJ time quan- 
titative PCU methodology can be used to dcvclup 
high-throughput screening assays for ii variety of 
applications fquantJlnllvc gene CApjea&ion (KT- 
rCH), ftenc copy assays (ftcrfc, 1HV, etc.), ,gcm> 
typlng (knockout mouse, analysis), and immuno- 

renj. 

Real-time PCR may al.to he jTcrformed using 
intercalating dyes (Hlguchi ct al. such as 

e.rJiJdium bromide. The fluorogenic probe 
method offers a mafor advantage oyer inter- 
calating dyes- greater specificity (i.e., primer 
dlmvrs and nonspecific PCR products are not de- 
tected). 
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MfcTHODS 

Generation of <t Plasmid Containing a Partial 
cDN A far Human Factor Ylll 

Total RNA wa:> burvcatcd (UNAkoI U from 'to! Test, Inc., 
)7)endawood, TK) from cv)l> i»*iwfcclctl with « foetur VI 11 
expression vector, paS2.tk?.SU (Katoii vl id.' Ocn* 
mnn el al. 19<X». A factor VIII partial cDNA wpifiuv WOS 
^■iinrnu-d by in* pr.lt IGonoAmp KZ tTlh ItNA VCM Kit 
(part NttOR-or/9, rt Applied hiosystcms, Vostvi Clily, <.IA)J 

U*ln£ the Pent piimi-M Wfcr urnl I'Rrcv (prinw-r aeqiieiire* 

arc ahown below), The ampllcon was fcamplitti-d u.Mnfc 
modified I'^for and Wrcv primers (appended wMh hawlU 
and H/ifdUl restriction site, sequences hi the h* emJ> und 
clonal Into jXil'.M- 32 (Promt^u Corp., Mudwon, Wl). The 
resulting clone, pWH was used lor transient transection 
of 'XM cells. 



Amplification of Target DNA ami Detection of 
Amplicon Facior Vltl Plasmid DNA 

(pPHTM) was amplified with (In: ptimeii l'Bfor S'-CiCO 

<rrcK;(^\ACiAu:njAtxiicn\"-3 # and wrev 5'-aaa<;<;t- 

(^OCXrrCKiA'iXaiTACiC-A'.llitf rvrtviluii pioduwd *i 
up K:K product. The forwiml primer w«s doMgnod to uv 
oynlxc u unique M'tpienio fimud In the 5' untranslated 
region of the. pill cm pC132,tk25l> plciMiml 01 id therefore 
dovs not ivvn^nUe. UMt ^ amplify ihv liuuian factor VMI 
gene. I'rimnrfi woro chosen with the avyivljnitf of lhn» com- 
puter program Oli>;o 4.0 (Ntitimwl IkiuAciences, lne<» Ply- 
mmith, MN). The human p-acttn gene w»<i amplified with 
the primer* fj-tu-iin Aifwftfil primer S' TCAC0OAOA< ri'CT 
GCCCATC-I'AOC'JA-.V and p-actiu reverse pjimer V.CAC. 

C0CAACCX:crr<;Arrc;c:c;AAJGG-3'. The reaction pro- 
duced a 2v5-hp k:k product. 

Amplification reactions (50 pJ) contained a DNA 
sample, Klx PCH Huffe.r It (5 pJ), 200 tiM dATP, dGTP, 
dGTI\ and 400 p-M dUTI\ 4 inu MgCl,, ).^S Untis Ampll 
7Vi<y PNA polymerase, 0,5 unit Ampwnse uracil N-Riy- 
uwylusv <UNG), 50 prnolc of each toeloi Vlll |ir]iiivi, tincl 15 
piiinlt* ofuuch p Actio pi I Mice. 'Hui icaetloiv^ alvo tumltdiicd 
OIU Of the following uVtcrtlnil pmhe* (100 iim nirli)- 

GCCTT(TAMRA)p 3' *iud p-«c-tin probe 5' (TAM)ATCJf-^X:- 
X(TAMKA)CCCCr:ATCCCATCp-.T where p indicates 
phmphnryUnon nnd X tndtcAtcs a linker arm nucleotide. 
Reaction tul»e* ww MicrtiAmp Oplionl TuIks (pari 
berNKOI OO.t:t # Perkln Winer) that wore frosted (at IVrW»i 
FJnicr) io prevent light iiom reflecting, Tube caj>i were 
ilniil.iv in MieroAnip Cinpfl l>ul apceiAlly dc.iiflncd to pre- 
vent light »eutler*Miif. All <il Ot<< P<;u w^Mi/iw?nitl>U-* were etu>*- 
plie.a !>y PK Applied UJoiy^^no (l ! o*lor CMy, CX) except 
i ho factor Vlll prirutrrs, wliivlt we it* sy»)thesi/ed at Ccnen 
tech, Inc. (Smith f*t*t> Frunclsco! CA). Prol>e.v witi> designee! 
using the 0\ii;o 4.0 software, folk»wln>; gntdellnev 
I^csieo in tnc Model 7700 .sequence Peimor Iimuiuih'iiI 
manual. lirlcHy, prube T m s)nniUt be al least 5 U C }ilf»hrr 
man aruwalhix icnip^Mrtlurc u.tcd durlnj; IhiTinal ey- 
rlmg; primers should not fonn NUhlv duplexed with the 
probe. 

The iheniml lyrllng conditions Included % in In at 
50"C\* and 10 ruin at 95*C. Ilirjinal cycling proerrdrd with 



R-action*; were performed '»> th<» Moflnl 77(H) .Sequence Dv* 

InKir (Pt Applted Utusyiilumv), which conulm a Gcnr- 
Amp l»< ;U Sy&tvm u <r00. kc;actlon wndition^ w«tp pro. 
grunnncU on ,i I'uwvr Maciiih»b VI 00 (Apple C'^nipnlPr, 

Santa Clara, C^V) linked ctirviity \a the Model V700 
qucnev !><itffctor. Anaty^u «f data w»v atw.i p^Worm^d on 
the Mcintosh computer. C;nllnetl«ii and analyKU software 
wiu develo|wl ?it 1»K Applied UlcKy*tui»»s. 



Tranifection of Cells with Factor VIII Construct 

J-'nur T17S naski of 293 cells {ATCX: CVt\. 1571t), a human 
fetal kidney Ki^peiiAion cell line/ wvry Rrown to 80^) con- 
lluency and tranifeded pIVIM. Cells woro wown in the 
Allowing media; 50% HAM'X ¥\2 without GUT, 50% low 
glucose nuJbctw's modified KaxJcmcdiuni (liMKM) witJi- 
oin glycine; with aodium bicarbniiatc, 10% ietal Ixvvine 
siTUin, 2 him L-KluUunliK, And 1% penicilliii-strcplomy- 
cln. The media was chafed 30 mln iransfcc 
lion, plWM DNA amounts o( 40, 4, 0\ and 0.1 ^; were 
iiUitccJ to 1..S ml of ft solution conialnlng m CmCI ; ; 
and 1 x IJUPhS. The four mix hire* were left at room torn- 
|.x:rtit«jri' frti lO mln and then iidtlett dmpwUo to iho cells!. 
Tlrv flwfck* m.'i«- ( iin.uUitcd at 37°C anrf 5.% C-i\ fnr 24 hr, 
washed with PJtS, and r*u»uApcndcd In PUS. The reims 
jamhU^I ccila >vcre divided into (*lupi«»tft und UMA WA4 cv- 
twicted luimcdiulely itvtiiK QIAump RIoik* Kit (Qiipen. 
OjatsmTrtii, CA), DNA wti.s clutcd Into 200 of 20 
Ti'U-na ut pli 8.0, 
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